Abstract To inform the development of multilevel strategies for addressing HIV risk among labor migrants, 97 articles from the health and social science literatures were systematically reviewed. The study locations were Africa (23 %), the Americas (26 %), Europe (7 %), South East Asia (21 %), and Western Pacific (24 %). Among the studies meeting inclusion criteria, HIV risk was associated with multilevel determinants at the levels of policy, sociocultural context, health and mental health, and sexual practices. The policy determinants most often associated with HIV risk were: prolonged and/or frequent absence, financial status, and difficult working and housing conditions. The sociocultural context determinants most often associated with HIV risk were: cultural norms, family separation, and low social support. The health and mental health factors most often associated with HIV risk were: substance use, other STIs, mental health problems, no HIV testing, and needle use. The sexual practices most often associated with increased HIV risk were: limited condom use, multiple partnering, clients of sex workers, low HIV knowledge, and low perceived HIV risk. Magnitude of effects through multivariate statistics were demonstrated more for health and mental health and sexual practices, than for policy or sociocultural context. The consistency of these findings across multiple diverse global labor migration sites underlines the need for multilevel intervention strategies. However, to better inform the development, implementation, and evaluation of multilevel interventions, additional research is needed that overcomes prior methodological limitations and focuses on building new contextually tailored interventions and policies.
Background
The 2010 UNAIDS Report on the global AIDS epidemic estimated that in 2009, 33.3 million adults and 2.5 million children were living with HIV [1] . As the epidemic continues to grow, labor migrants are considered a vulnerable population for HIV infection [2] . According to the International Organization for Migration there are an estimated 214 million international migrants worldwide [3] sending around $414 billion remittance home to their families in 2009 [4] . One out of every 33 people in the world is a migrant. These numbers do not capture the tremendous heterogeneity both within and between migrant groups. Additionally, these numbers do not include all internal migrants, such as the estimated 16 million who move from rural to urban settings within their own countries, nor the additional 100 million who comprise China's ''floating population'' [5] .
There has been a shift from viewing HIV risk as predominantly an individual behavior to viewing it as impacted by social, economic, political, and/or cultural determinants. For example, HIV researchers have argued for understanding HIV risk through social vulnerability [6] or combined ecological models [7] . Such approaches are especially useful in understanding the complexities of labor migrants' HIV risk and guided this review. Labor migrants are frequently separated from their spouses, nuclear and extended families as they work in mines, fields, or markets. They are forced into physically demanding and dangerous jobs, low wages, sub-par living conditions and have limited access to health care. They have limited social support networks and are forced to adapt to foreign culture, customs and languages. All these factors may contribute to increased HIV risk, though many of these factors are not necessarily specific to labor migrants and are shared with other vulnerable populations.
Although the pathways through which labor migration leads to the HIV transmission are not entirely understood, there is a growing body of scientific literature across the health and social sciences examining this issue in various labor migrant populations [8] [9] [10] . To date, this literature has not been reviewed as a cohesive body of knowledge. In organizing our approach to this review of the literature, we were guided by the need to look with a multidisciplinary perspective [11] for potentially modifiable determinants about which sufficient evidence exists that we should consider trying to address them and which could be used to formulate multilevel interventions (e.g., those that intervene with one or more of the following: individuals, couples, families, social and sexual networks, institutions, and entire communities). The four categories of potentially modifiable evidence-based multilevel determinants identified were: (1) policy; (2) sociocultural context; (3) health and mental health, and (4) sexual practices.
This investigation conducted a comprehensive review of the scientific literature that investigated possible associations between labor migration and HIV risk. This review summarizes prior empirical studies with a focus on examining evidence-based multilevel determinants that link labor migration and HIV risk. It also assessed for limitations and gaps in this prior research and provides recommendations for future research.
Methods

Search Methods
In order to assess the relevant literature, PubMed, and EBSCO were searched for English language articles using the following key words in various combinations: HIV, AIDS, migrant, migrants, labor migrants, mobility and migration. The reference sections of these reviewed articles were also examined to identify additional articles. Three edited volumes concerning migration and HIV/AIDS [12] [13] [14] were also reviewed and relevant articles were included. Additionally, given the first author's extensive prior work on this topic, files from past searches were examined and relevant articles included. The authors acknowledge that despite extensive literature searches some relevant articles may have been omitted, particularly as labor migrants are sometimes classified by specific occupations (e.g., seafarers, truck drivers). A total of 216 articles or chapters were reviewed for possible inclusion.
Inclusion/Exclusion Criteria
The articles included examined labor migrants, defined as: individuals that leave their place of usual residence and move temporarily to a different locale (both in-country and abroad) to engage in remunerated activity with the intention of returning to their prior place of residence. Several mobile populations were excluded from this review for the following reasons. One, permanent immigrants were excluded as they have no intention to return to their places of origin and thus do not serve as a bridge population for transmission. Two, migrants whose income was generated by commercial sex work were excluded as their occupation is associated with distinct risk and protective behaviors. Three, border workers, those who commuted from their place of usual residence to their place of employment abroad, were excluded. Even though these individuals work across national borders, they have the ability to return home nightly and thus lack many of the characteristics shared by other labor migrants. Lastly, refugees and asylum seekers were excluded both because forced migration may produce distinct risks, and because they are not likely to return to their country of origin.
Only articles directly examining HIV/AIDS and labor migration were included. Studies that examined behavioral risk factors linked to labor migration with other conditions (e.g., substance abuse) but not HIV were not included. The articles included were published in peer-reviewed journals or books from 1989 to 2011 and were limited to original empirical research, excluding reviews of literature, editorials, newsprint, proposals, conference abstracts. Only English language literature was included. Using these criteria, two independent reviewers validated the selection of articles. Disagreement was resolved by consensus.
Multilevel Determinants
From a preliminary review of the entire database of articles, comprehensive lists of potentially modifiable determinants found to be associated with HIV risk were developed and grouped into the following four levels: (1) policy; (2) sociocultural; (3) health and mental health; (4) sexual practice (See Tables 2, 3 , 4, 5). Policy determinants were those that arose from specific social policies such as those related to travel, migration, family accompaniment, employment, housing, finances and security and which were found to impact HIV risk. Sociocultural determinants were related to cultural norms, religious beliefs, acculturation, family beliefs and practices, and communities. Health and mental health determinants were defined as those factors related to individual health or mental health conditions, diagnoses, or experiences. Sexual practices determinants were those individual sexual activities, knowledge, and attitudes associated with sexual intercourse. The entire database was subsequently reviewed to code these potentially modifiable multilevel determinants. Additionally, the studies with available quantitative data summary statistics (odds ratio [95% confidence interval] and statistical significance [p value]) were recorded and documented in Table 6 .
Results
Study Designs
The articles reviewed represented a variety of study designs including: quantitative (n = 46; 47 %); quantitative with biological samples (n = 25; 26 %); qualitative (n = 15; 15 %); mixed methods (n = 11; 11 %). Quantitative data was collected through written or verbal surveys [15] [16] [17] . Quantitative data with biological samples was typically gathered through population surveys with associated saliva or serum samples so as to report on HIV prevalence [18] [19] [20] . Qualitative data collected included semi-structured interviews, focus groups, participant and non-participant observations [21, 22] . Mixed methods studies combined quantitative and qualitative data sources [23, 24] . In South East Asia and the Western Pacific, the sample sizes tended to be larger, upwards of 5,000 [25, 26] . The studies in these regions were mostly surveys and some included biological samples. More qualitative and ethnographic studies were conducted in the Americas and Africa with a focus on understanding the sociocultural dimensions of HIV risk behavior [27, 28] .
Given that labor migrants are highly mobile and often lack legal status, these studies faced sampling challenges.
The samples studied were twice as likely to be non-probabilistic (n = 62; 64 %) as probabilistic (n = 35; 36 %). Sampling methods included convenience sampling [29] , snowball sampling [30] , targeted random sampling [31] , and modified time space sampling [32] . One modified method of probabilistic space sampling was used in a village in Guinea where there were no population records to create a common random sample [33] . The researchers approach was to walk in randomly chosen lines and interview the nth person of the same gender that they came across, then choosing a new line and repeating the process.
Study Locations
The literature collected was sorted into geographical categories, using the WHO Regions to cluster countries ( Table 1 ). Forty percent of the South East Asia studies arose from India (8 of 20) while countries with higher HIV/AIDS prevalence rates like Thailand [34] comprised only 20 % of regional literature (4 of 20). All but one of the Western Pacific studies were from China (22 of 23; 96 %). There were no studies from the Eastern Mediterranean region where there are known HIV/AIDS epidemics [35] . Sixtythree percent (61 of 97) of the studies collected data on labor migrants while they were away from home and 21 % (20 of 97) upon their return to their place of usual residence. Of the remaining studies, 8 % (6 of 97) studied labor migrants while they were in transit, 4 % (4 of 97) collected data in both sending and receiving places [36] [37] [38] and only one study surveyed the wives of migrants left behind at the sending place [39] . Internal migration was more heavily represented among the Western Pacific data (22 of 23; 96 %), reflecting high research interests in the large floating population in China, while studies on external migration predominated in the Americas (21 of 22; 95 %).
Policy Determinants
The studies found that labor migrants' HIV risk was associated with a range of policy determinants ( Table 2) . Prolonged and/or Frequent Absence Some labor migrants were away more frequently and for more prolonged periods than others, and they tended to have more HIV risks. El-Bassel found that among male and female market workers in Almaty, Kazakhstan, those who reported longer trips also reported more sexual partners [40] . Kissinger found that among Latino migrant men in New Orleans, inter and intra state travel was associated with inconsistent condom use with casual partners [41] . Among Cameroon men, the prevalence of HIV infection increased with prolonged length of stay away from home [42] . Men who never left home had a prevalence of 1.4 %, those who were away for less than 31 days had a prevalence of 3.4 %, and of those who were away over 31 days, 7.6 % were infected. Similar trends were demonstrated with multi-partnering and non-spousal sexual relationships; men were more likely to participate in both the longer their absence from home. A different pattern was found among Hispanic workers in North Carolina where the likelihood of commercial sex worker use varied with time spent in North Carolina, but in a non-linear fashion [31] . Visiting commercial sex workers increased in the first years after migration, but peaked after 4 years and then slowly declined. Here, the investigators reported that initially sex worker visits increased as the migrants acquired financial resources, but then declined as they developed new social bonds.
Financial Status
Labor migration was linked with changes in socio-economic status which have been shown to be associated with elevated HIV risk [43, 44] . Among internal Chinese labor migrants exhibiting risky sexual behavior and low knowledge of HIV transmission, the majority worked long hours for little pay [45] . Among Mexican farmworkers in the U.S., poverty was associated with risk for HIV transmission [22] . These migrants came to the U.S. for economic reasons with dreams of a better life, but were often paid very low wages or cheated out of pay. In a study of Malawi men returning home from South Africa, higher financial status affected risk behaviors by attracting the attention of local women upon return home [21] . [25] Western Pacific Li [93] Financial status (n = 11) Africa Chirwa [21] , Munyewende [71] The Americas Apostolopoulos [22] , Bronfman [94] , Organista [40] South East Asia Mullany [16] , Vaidya [95] Western Pacific Li [45, 96] , Song [97] , Yang [26] Difficult working and housing conditions (n = 10) Limited access to health care (n = 8)
The Americas Apostolopoulos [22] , Hanf [85] , Sena [62] Western Pacific Bandyopadhyay [48] , Hesketh [98] , Li [43] , Song [97] Legal status (n = 4)
The Americas Bronfman [94] Europe Weine [47] Western Pacific Li [45] Language barriers (n = 3)
The Americas Denner [63] , Organista [40, 49] Difficult Working and Housing Conditions
Labor migrants get jobs less desired by locals that often have difficult working and housing conditions. Mine workers in South Africa described how the harsh living and working circumstances and sense of powerlessness shaped a man's identity and risky sexual practices [28, 46] . Additionally, the risk of acquiring AIDS was dwarfed in relation to the physical dangers of daily work in the mines. Tajik migrants working in Moscow had difficulty finding safe housing due to discrimination and no legal status in Russia [47] . They must accept harsh living conditions on construction sites, in warehouses, or in parks.
Limited Access to Health Care
Limited access to health care for labor migrants made it difficult or impossible to get clinical or preventative care, including HIV/AIDS care. Without legal status, Tajik migrants in Russia were not able to access public health care institutions [47] . Private clinics that provided services charged very high rates for screening and treatment of STIs. While the majority (66 %) of migrant women working in Hong Kong had medical insurance as a condition of their employment, they reported that their ability to access quality health care was limited due to discrimination [48] .
Legal Status
Labor migrants crossing political borders had limited legal status and less access to services than were afforded to citizens, including health care, social services, and government assistance programs. Some experienced outright hostility from local authorities. Tajik migrants mostly lived and work illegally in Russia. They experienced high rates of police harassment, beatings and arrests without provocation [47] . They reported feeling unprotected by law and without basic human rights.
Language Barriers
Not knowing the native language posed challenges for basic daily activities that were linked with increased HIV risk, such as increased stress. Additionally, language barriers could exclude labor migrants from healthcare and prevention initiatives in the receiving countries. In a sample of Mexican migrant laborers in the U.S. with misconceptions about modes of HIV transmission and poor knowledge of proper condom use, the overall level of local language skills was poor [49] .
Sociocultural Context Determinants
Multiple studies found relationships between sociocultural context and HIV risk among labor migrants (Table 3) .
Cultural Norms
HIV risk behaviors were shaped by labor migrants' shared cultural beliefs regarding marriage, fidelity, condom use, and masculinity and the impact of migration on these norms. Often these norms differed between sending and receiving countries, such that labor migrants were somewhat freed from more traditional norms through migration. For some Malawian men, labor migration was a cultural rite of passage, a sign of maturity and masculinity [21] . Men migrated to earn money and their economic success upon return then provided an entry point to courting women. Multi-partnering was not perceived as social irresponsibility or immorality, but rather a symbol of economic and social success. A study of Mexican migrants showed that Mexican culture dictated fidelity in marriage, but greater emphasis was placed on maintaining the image of fidelity over actual abstinence from extramarital sexual relations [37] . Migrant men from Papua New Guinea demonstrated loyalty to their wives through material support [50] . Sexual fidelity was expected of the wife, since bride wealth was given for her, while the husband was the giver of bride wealth and thus fidelity was not expected of him. Furthermore, extramarital relations were not considered taboo unless they were with another man's wife, as that was a violation of that man's possessions. These men also reported a great sense of freedom with migration, where their extramarital relations were beyond community control.
Family Separation
While some migrant men were able to bring their wives or families with them to the labor locations, logistical or financial constraints left many men separated from their families. Away from their families, labor migrants missed their wives and children and the emotional and practical support which could help them to cope with the loneliness and stresses of migration [24] . Of men who internally migrated to Mumbai, India those who did not reside with their wives and/or families exhibited more risky sexual behaviors [25, 51] . Family separation due to migration also effected wives who were left behind by their husbands. In comparing Chinese wives of migrants to Chinese wives of non-migrant men, migrants' wives had higher rates of multi-partnering, higher rates of HIV infection and lower rates of condom use [39] .
Low Social Support
With migration comes the absence of community and psychosocial support. Labor migrants often reported that they had no one to talk to about stress and loneliness. Among Mexican migrants in New York City, 83 % of the men reported missing their families and lifestyles back home on a daily basis [24] . As levels of loneliness increased, condom use with new girlfriends decreased. In another study of Mexican migrants, farm workers in a South Carolina farm labor camp tolerated more sexual risk taking and substance abuse than those who lived in an Arizona farm camp [22] . The more conservative attitudes at the Arizona camp were thought to be a result of a larger and less ethnically isolated community as well as closer proximity to family and friends.
Health and Mental Health Determinants
Several health and mental health determinants were found to be associated with HIV risk in labor migrants (Table 4) .
Substance Use
Alcohol and drug use were found to predispose labor migrants to HIV sexual risk behaviors. Latino migrants in the U.S. reported high rates of alcohol use and binge drinking before or during sex [40] . In a study of Latino day laborers solicited for sex in Los Angeles, those who screened positive for drug dependence were more likely to have sex with their solicitor [52] . A study conducted in Russia comparing labor migrants found that Eastern European migrants had higher alcohol and drug use and higher sexual risk whereas Central Asian migrants had low levels of substance use and moderate sexual risk [29] . Male Mexican migrant workers in the U.S. reported high levels of alcohol use, with 38 % drinking daily [24] . Half of the men reported not using condoms during sexual intercourse when drinking. Additionally, alcohol use was higher if there were fewer people from their hometown in their place of migration as well as if they called relatives in Mexico less frequently.
Other STIs
Several studies found an association between HIV infection and other STIs in labor migrants. Some researchers have argued that prevalence of other STIs could be a surrogate for HIV risk [53, 54] . Whether this holds true for all STIs or not is debated [55] . A study of fishermen in the Gulf of Thailand and Adaman Sea found that prior STI was significantly related to current HIV prevalence [56] . Without relying on self-reported history of STIs, another study concurrently tested seroprevalence of both HIV and syphilis and showed that between migrants who returned from India to Nepal and non-migrants in Nepal, the migrants had higher rates of both syphilis (25 % vs. 15 %) and HIV (10 % vs. 2.5 %) [57] .
Mental Health Problems
Labor migrants were found to have higher levels of stress and depression. Among Puerto Rican migrants in New York and New Jersey, depression was associated with having multiple sex partners [58] . Among Central Asian migrants in Russia, those who exhibited low levels of condom usage and moderate sexual risk taking had high levels of depression [29] . In some cases, stress was experienced by migrants not only from the difficulties of relocation, lack of legal status, and absence of support but also from the difficult working conditions to which they were exposed. In particular, many African migrants working in mines witnessed accidents and fatalities of friends and coworkers [46] . These migrants had symptoms of posttraumatic stress disorder (difficulty concentrating, flashbacks, and nightmares, and social withdrawal) [59] .
No HIV Testing
Several studies identified lack of prior HIV testing as a risk factor among migrants. Among long distance truck drivers in India, only 16 % of the 2,066 drivers surveyed had ever undergone HIV testing (range of 9-33 %) [60] . In China, out of 100 male migrants only one had previously been tested [61] . One study examining the feasibility and community acceptability of rapid HIV testing among Latinos in the United States showed that 66 % had never been tested for HIV [62] . In this study 75 % of participants consented to HIV testing and 97 % of participants favored using rapid HIV testing in the community.
Needle Use
While studies of injection drug use were excluded from this review, several studies highlighted needle use as a risk factor of their examined populations. A study of fishermen in the Gulf of Thailand and the Adaman Sea found an association concerning needles which was that migrants with tattoos had higher HIV prevalence [56] . The same study demonstrated that injection drug use was predictive only for the HIV-1 subtype B. Another study of Mexican migrants in California looked at a population that included 28 % injection drug users and found that they were more likely to engage in higher sexual risk than non-IDUs [63] . However, because the majority of them reported using needle exchange programs, the focus was more on risky sexual behaviors than risky needle behaviors. 
Sexual Practices Determinants
The studies found a number of sexual practices associated with HIV risk among labor migrants (Table 5 ).
Limited Condom Use
Many studies found limited condom use among labor migrants. Cultural norms, health beliefs, impaired judgement and difficulty in obtaining condoms were identified as contributing factors. Internal migrant mine workers in South Africa reported very low rates of condom usage despite available free supplies [28, 46] . Many of the migrant miners expressed the need for flesh-to-flesh contact for sexual pleasure. Tajik migrants in Moscow reported regular unprotected sex for a variety of reasons: difficulty obtaining condoms due to their undocumented status in the city; some sex workers did not carry condoms; they didn't use condoms when they were drunk, and sex with condoms diminished the physical pleasure [47] . Among Mexican migrant labors in the U.S., there was inadequate knowledge of proper condom use [49] . Less than half of these men always used condoms with occasional partners and about a third never used condoms with occasional partners. The female migrants' condom usage was even lower as the migrants believed that a woman would be regarded as promiscuous if they carried condoms.
Multiple Partnering
Multiple partnering was frequently documented in the empirical literature, and through its relation to limited condom use, could become an HIV risk factor. Away from their regular partners and/or the social control of home communities, labor migrants often reported having sex with multiple female partners. In Russia, 30 % of Central Asian and Eastern European male labor migrants reported multiple female partners in the last 3 months [29] . When comparing migrants who traveled to India to non-migrants in Nepal, 49 % of migrants had multiple sex partners during the last 5 years, whereas only 25 % of non-migrants reported the same [57] . One study looked at the wives left behind by internally migrating husbands in comparison to wives of non-migrants in rural China. Wives of migrant men not surprisingly reported less frequent sexual intercourse with their husbands in the last month and also higher rates of multiple sexual partners than wives of nonmigrants [39] . And among China's migrant population 47 % of surveyed job seekers had sex outside of a monogamous relationship since leaving their place of origin [5] . In rural Tanzania, similar trends were found. The percent of non-migrants who had more than two partners in the last 12 months was 11 % whereas the percent of recent migrants was 24 % [64] . Multiple partnering is associated with a masculine identify, general physical and emotional well being, and ''macho sexuality'' in South African gold mines [46] .
Visiting Sex Workers
The studies of labor migrants reported frequent visiting of sex workers. In a study of Tajik migrants in Moscow, all participants reported having unprotected sex with a commercial sex worker [47] . Many of these men reported doing so nearly weekly. Of Hispanic migrants surveyed in Durham, NC, 22 % reported visiting a sex worker in the past year [31] . On average, those migrants reported 6.7 sex worker visits per year. In a Bangladesh trucking industry survey, 54 % of the subjects had sex with at least one sex worker in the last year [20] and among married men 44 % had sex with at least one sex worker as well as their wife. Seafarers in Thailand reported that sex workers were easy to find. Their motivation for visiting sex workers was driven by three factors: loneliness and time out at sea, receiving a single payment for their work when arriving at a harbor, and strong peer pressure from coworkers [65] .
Low HIV Knowledge
Many labor migrant populations lacked adequate knowledge about HIV/AIDS despite health education campaigns. Male migrants from Central Asia and Eastern Europe in Russia given an eight-item assessment of HIV/AIDS risk knowledge on average scored 3.6 items correctly [29] . For example, 45 % of the subjects thought that IUDs or oral contraceptives could prevent HIV infection. An assessment of migrant Mexican laborers' knowledge of AIDS transmission showed high knowledge of major modes of transmission, but misconceptions about contracting HIV through mosquito bites, public restrooms and AIDS testing [49] . Some believed it was a disease of homosexuals and drug addicts and a person's appearance could tell you if they were infected. Among Burmese migrants in Thailand given a knowledge assessment of HIV transmission, prevention and risk factors the overall score was 41, 36, and 82 % respectively [16] . Males scored higher than females in all categories and the level of knowledge increased with number of years of education completed. Some populations showed a much greater lack of HIV knowledge. Among internal male labor migrants in China, one study showed that only 37 % knew that condom use could prevent HIV transmission and 38 % knew that regular use of antibiotics could not prevent HIV infection [61] . 
The Americas Denner [63] , Galvan [52] , Munoz-Laboy [24] South East Asia Deb [121] , Mercer [92] Western Pacific Meng [114] , Song [97] Young age at sexual initiation (n = 6) Africa Brockerhoff [41] , Mberu [100] , Zuma [125] South East Asia Puri [107] Western Pacific He [61, 67] Low Perceived HIV Risk
Studies documented low perception of personal HIV risk and low likelihood of HIV transmission. In South African mines the management of the mines had taken an active role in educating the migrants about AIDS through videotapes, pamphlets and posters [46] . Although the mine workers reported seeing the videos and being aware of the free condom supplies and told researchers that HIV was spread through unprotected sexual intercourse and that condoms could prevent its spread, nonetheless the majority of subjects interviewed reported unprotected sex with multiple sex partners. They were unsure about the existence of AIDS as they had never seen an infected person. They speculated that the western biomedical information was only part of the story and that traditional healers could possible cure things that hospitals could not. In a study in China, internal migrant workers had some misconceptions about modes of HIV transmission including the possibility of acquiring HIV from sharing food or swimming with an infected person or through a mosquito bite [45] . Despite these misconceptions, 71 % of migrants believed it was impossible for them to become infected. Nepalese migrants returned from India stated that despite their risky sexual behaviors, they did not feel they were at risk for HIV as they only selected healthy looking women for sex [66] .
Young Age at Sexual Initiation
Few studies collected data on age at sexual initiation. One study of internal Chinese migrants demonstrated a correlation between multiple sex partners and early age at sexual initiation [67] . Another study comparing migrants and nonmigrants in Kenya found there to be no universal pattern in age of first sex and risky sex behaviors [41] .
Men Having Sex With Men
Few studies reported significant data on labor migrant men who had sex with men (MSM). One study of Mexican migrants in New York City reported that 4 of 50 male migrants ever had sex with a man, each reporting at least one episode of sexual contact without a condom since migration [24] . In a survey of Latino migrants seeking day labor jobs in the U.S., 38 % were solicited for sex by a male while at day labor recruitment sites, with only 9 % of those reporting sex with the solicitor [52] . In study of Mexican migrants in California, 37 % of the male migrants had sex with men in the last 90 days [63] . These men averaged 11 sexual partners in the past 2 months as compared to non-MSM who averaged three partners.
Magnitude of Effects Table 6 reports on the summary multivariate statistics concerning HIV risk factors among labor migrants. Multiple studies demonstrated statistically significant findings within the levels of sexual practices (independent variables of multiple sex partners and paying sex workers) as well as health and mental health (independent variables of STI's, drug use, and alcohol use). Overall, there were fewer studies with statistical findings for the levels of social policies (independent variables of prolonged and/or frequent absence) and sociocultural context (independent variables of visiting family and friends, partner's education and employment). Multiple studies found elevations in HIV rates in migrants as compared with non-migrants.
Discussion
This systematic review showed that among labor migrants HIV risk was associated with potentially modifiable multilevel determinants in the levels of policy, sociocultural, sexual practice, and health and mental health. The policy determinants most often associated with HIV risk were: prolonged and/or frequent absence, financial status, and difficult working and housing conditions. The sociocultural determinants most often associated with HIV risk were: cultural norms, family separation, and low social support. The health and mental health determinants most often associated with HIV risk were: substance use, other STIs, mental health problems, no HIV testing, and needle use. The sexual practices determinants most often associated with increased HIV risk were: limited condom use, multiple partnering, clients of sex workers, and lack of HIV knowledge. Magnitude of effects through multivariate statistics were demonstrated more for health and mental health determinants and sexual practice, determinants than for policy or sociocultural determinants. The consistency of these multilevel findings across multiple diverse global sites underlines the need for multilevel intervention strategies to prevent HIV transmission among labor migrants. While the determinants discussed were organized into categories for purposes of this review, it is important to point out the inter-relatedness of many of the determinants. For example, health behaviors such as HIV testing are driven by policies affecting access to health care. Mental health status can be affected by sociocultural context, such as low social support, and this can subsequently affect behaviors like substance abuse and multiple partnering. The problem of HIV risk among labor migrants requires far more than solutions at the individual behavioral level, and requires especially addressing problems in the policy and sociocultural context realms. However, to understand in what ways labor migrants may differ from other vulnerable populations and to better inform the development, implementation, and evaluation of targeted multilevel interventions, additional research is needed. In particular, this research should address: (1) What are the social determinants of HIV risk? (2) Which HIV risk and protective factors at which levels are potentially modifiable under real world conditions? (3) Which potentially effective policies and programs are feasible, appropriate, and acceptable to the migrants, their families, and the organizations that work with them?
Future studies should further explore the complexity of labor migration and HIV risk in social contexts, particularly within the policy and sociocultural levels which have been under-investigated via quantitative methods. This would be specifically useful for those potentially modifiable policy determinants (legal status, working and housing conditions, access to health care, and prolonged and/or frequent absence) and sociocultural determinants (cultural norms, social support, and family separation) which could be modifiable through new interventions and policies, including human rights based strategies. Furthermore, instances where new policies are being introduced could serve as natural experiments, for investigation of important areas of how policies impact the structures and context of labor migration impact HIV risk and protection.
The findings of this review reveal several particular ways in which the current state of knowledge is incomplete due to methodological limitations of many existing studies and provides insight into how this can be improved upon. One, there is sometimes a lack of consistency in how investigators distinguished labor migration from other types of migration, which could be improved through more systematic attention to definitions and criteria.
Two, the study findings regarding geographical region indicate that migration and HIV have not been studied in all the necessary places. As noted earlier, there was a lack of Eastern Mediterranean studies despite the WHO noting that there are currently HIV epidemics in Djibouti, Sudan and Somalia and an underrepresentation of studies in Thailand and Myanmar, both with high HIV prevalence. Large global cities like Moscow, with over one million migrants and rising HIV prevalence, should be prioritized for investigation [68] .
Three, regarding gender, HIV risk among the growing number of female labor migrants globally, is also underinvestigated. We found that 48 studies (49 %) looked at both female and male migrants, whereas only 10 studies (10 %) looked exclusively at female migrants. Female labor migration needs to be investigated as a unique phenomenon, in some ways distinct from male labor migration. For example, Lin [69] reported that female migrants were at higher HIV risk because of intoxication, and Denner [63] reported that women were at higher HIV risk because of less self-efficacy. Other studies documented that in order to survive, some female labor migrants engaged in commercial sex work or transactional sex [70, 71] .
Four, because many of the existing studies used nonprobabilistic samples, qualitative data, or a narrow range of independent variables, many do not lend themselves to a systematic assessment of the strength of risk factors. While labor migrant populations are understandably difficult to study due to their mobility and undocumented status, research designs could be more rigorous in ways that would make cross-study comparisons possible. There is a need for more probabilistic sampling, more attention to key subgroups of migrants within samples, more attention to a broader range of factors/independent variables, and more collecting of biological samples to document HIV prevalence. Additionally, more longitudinal designs are needed that study the entire migration process, encompassing the sites of source, transit, destination and return [72] .
Five, ethnographic and other qualitative data could continue to aid in better understanding the policy and sociocultural context levels, but could also contribute more to building interventions if they were more deliberately focused on intervention developmental issues such as related to service organizations and providers (including non-traditional health settings) and adaptation challenges. Mixed methods research designs could be useful in providing a more comprehensive and complex understanding of the multilevel processes involved in labor migration and HIV/AIDS, including especially the quantification and statistical analysis of a broader range of factors from the policy and sociocultural context levels [73] . Future studies should also focus on research implementation challenges such as: (1) how best to communicate with labor migrants (including perhaps through digital technology), and; (2) how to manage the constraints upon community leaders, organizations, and policymakers. The latter calls for more community collaborative approaches to research with labor migrants that increases their participation in development and implementation [74] .
Six, there was a lack of investigation of protective factors for labor migrants at risk for HIV infection. Several studies [19, 33, 75] showed that when mobile populations had more risky sexual behaviors, they were also more likely to use condoms and to be tested for HIV, but protective factors could be conceived more broadly across all four levels. Kissinger's study of Latino labor migrations in New Orleans found that membership in a social organization (e.g., a church related group) was associated with less female sex worker visits and more consistent condom use [76] . Saggurti's study of migrants in Mumbai, India found that migrants living with their wives had lower rates of risky sexual behaviors [25] . Approaches to studying protective factors should consider a strength and resource approach [77, 78] which looks at individual, family, social, and cultural domains, and investigates what affirmative values, beliefs, and practices, are associated with HIV protective behaviors and could be a focus of preventive intervention strategies.
Lastly, with more labor migrants living with HIV/AIDS, new concerns regarding migration and HIV/AIDS are starting to be studied. These include attitudes towards HIV testing amongst migrants [79] , positive HIV status as a cause for migration [80] , delays in diagnosis of HIV/AIDS in migrants [81] . Other areas in need of study among labor migrants and their families include access and barriers to antiretroviral treatment, adherence, and prevention of maternal-child transmission.
